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iMTFPRATED CIRCUIT PACKAGE WITH LOW INDUCTANCE 
IN jRO^rPAXND T IMPROVED THERMAL CAPABILITY 



FIELD OF THE INVENTION 



,00011 The present invention relates to integrated eircni, (IC) packages and methods for 
fabrieating them. More specifically, the present invention eomprises an IC package w,th a 
very low mdnetanee ground path to a pnnted eireui. board ground plane, wherein the same 
structure that prov.des the low mduetance ground path also provides a s.gnificantly unproved 
thermal conduction path. 

BACKGROUND OF THE INVENTION 

. a w>.,it/ir\n»rkat»e with an exposed die attach pad (DAP),4e 
taOQgt-A kttowfi integrated circuit (IC) package, wun <u * c " 

A shown in Fig. 1. .C package ,0 cons.stsoflC die ,2 mounted on die attachpad ,4 by means 
of a die attach epoxy , 6. IC die 1 2 ,s coupled to the mput/outpu, pins of meta. lead frame 
by means ofa plurality of bond wires 20. A molded IC body 22 is then formed around IC d,c 
,2 and lead frame 18 in a known manner ,o complete the package. As shown in F,g. 
surface 15 of die attach pad 14 remains exposed and co- P ,anar with the leads of lead frame .8 
after IC package 10 rsfompleted. 

,0003] Although IC package ,0 is adequate for many purposes, as the operating frequencies 
of packaged IC dies have increased, several shortcomings of this type of package have 
emerged In ICs that con.arn a large number of fas. input/output (I/O) cells, many of the I/O 
cells can switch states at the same time, or nearly a, the same time. Tins even, is referred to as 
the "simultaneously switching output " (SSO) condition. 

(00041 SSO conditions can cause very h,gh ground bounce to occur on a (shared) on-dic 
ground line which connects multiple I/O cells to the same (shared) on-die ground pad, wh,ch 
is then connected to a (shared) IC package ground pin. Ideally, the voltage on a shared on-d,e 
ground line should remain a, zero volts when the I/O cells connected to this hue sw.tch from 
the logic high state to the logic low state. However, the bond wires and the lead frame «ha, 
couple the on-die ground hue to an external PCB ground plane present a collective I/O p,n 
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ui^u m,,«t flow through this inductance, can 
™- ■ it- \\\ nn t/n re\\ currents, which must now unuu 5 

hig h level. This temporary Vi.ch"cond„ion can easily cause system malfunc t ,o. 



(PBGA) offers a very direct connection to the ground plane of a PCB. PBGA 

package 30 has an ICdiei; , n , r die 32 by means of bond wires 31. Those 

attachment means. Substrate 38 is coupled to IC die 32 by me 

f Wrate 38 that have been connected to IC die 32 serve as the I/O pins ot 
portions of substrate 38 that ^ ^ of 

completed IC package 30. The ground pads 40 on IC die 32 P 
subl t e3 8t ha,di rc c t .yunde ri ies I Cdie32bymeansofbo„dw,re36.S^h 

board (PCB) and then heated in one of several known y 
plane and greatly reduces ground bounce. 

whichLcomesincreasinglyimponamasICoperatingspeedscontmu^^ 
th e heat sinking capabHUies of this type of package have beemncreased in some 
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"ssxssszzx? 

leads required for ground connections. 

with ou, increasing the package manufacture cos,, wonid be 
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SUMMARY OF THE [N VENT ION 

pac^dgc. . prR these embodiments otter me 

in the PCB When attaching the IC package to the PCB, these 

,n the PCB. wne f t Vip tr oackaee pins with their corresponding PCB 

additional advantage of self-alignment of the IC package ^ 

metal slug after insertion into the PCB. 
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^OHjTbe invention, toge^^ 

referring* the following description and accompanying drawings 



BRIEF DESCRIPTION OF THE DRAWINGS 

various advantages, may be best 
id accompanying drawings in wr 

of a first known integrated circuit (IC) package (Prior 



FIG. 1 is a cross-sectional view 
Art); 

Fra .2.^2b«^v d y..^v iW ^.ao«^v iW af.-c-d 

known IC package (Prior Art); 

FIGs 3a, 3b and 3c are, respecfiveiy, a first cross-sectiona, view, a second cross- 
SK fiona,v,ew,andab„«tomv,ewo f the first pediment of the present rnvenfion; 

FIG . 4i sac ro ss-seetiona.v,ewofaseco„de ra bod im entofthepresen, i nve„t i on ; 

F1G . 5 is another cross-sectionai view of the second embod.men, of the present 
invention; 

HG.nisacross-sec.iona, view ofyct another embodiment ofthe present invention; 

and 

FIG ,7aand 7b are cross-sectiona. views of other embodiments of the present 
invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
,00121 A first embodtment of the present invention is shown in Figs. 3a, 3b and 3c. In this 
embodiment, a Plastic Quad Flat Package (PQFP) IC 100 is shown. Referring to F,g. 3a, 
me «a, lead frame 1 10, whtch is supported by spacers ,07, provides the PQFP I/O pins. As 
shown in Fig. 3a, spacers 107 rest on a metal slug 104, whteh acts as a die attach pad. So that 
various embodiments of the present invention can be more clearly shown, metal lead frame 
,,0 is no. shown in the other figures illustrating this embodiment, and Cher embodtments, of 
the present invention. It should be understood that each embodtmen, of the present mvenhon 
incorporates a lead frame for IC I/O stgnals. IC die 1 01 is electrically coupled to lead frame 
110 by means of bond wires 105. 

[00131 Refernng to Fig. 3b, IC die 101 is mounted on the top surface of metal slug 104. IC 
die 101 is electrically connected to metal slug 104 using an electrically conductive medtum 
such as stiver epoxy or a solder preform. Ground pads .02 on IC die 10, are also eleCncally 
connected to the top surface of metal slug 104 by bond wtres ,05. Bond wires 105 are very 
short with very low inductance, and arc usually referred to as "downbonds". IC package 
bcdy'l 12 is molded around the lead frame (no. shown in Fig. 3b), IC die 101 and me.a, slug 
104 As shown in Fig. 3a, a. .he end of the fabrica.ion process, the lower surface of metal slug 
,04 is exposed and co-planar with the exposed leads of .he PQFP. After PQFP 100 is 
complete it is mounted on a PCB 106 whose top surface comprises a ground plane 108. An 
eleetneally conductive medium such as silver epoxy, PCB solder reflow, or a solder preform 
is used to electrically connect the lower surface of metal slug 104 with PCB ground plane 108. 
,00141 Fig 3c illustrates the bottom surface of a completed PQFP 100, including a plurality of 
package pins (signal leads, 1 14, on each side of the package. As shown in Fig. 3c, the lower 
surface of metal slug 104 is exposed. 

,00151 As shown in figs. 3a, 3b and 3c, the X, Y dimensions of metal slug 104 are much 
greater than its thtckness. Thts results in metal slug 104 havtng an effective tnductance whtch 
is very nearly equal to zero. Furthermore, as shown in Fig. 3b, downbond wires 1 05 also have 
very low inductance because these wires are very short. In many applications, the very low 
inductance of these downbond wires can be reduced even further (made very close ,0 zero) by 
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connecting two or more downbond wires in parallel, to the same ground pad. (In this case, the 
ground pad must be made wider, but not taller). 

,0016] Referring to Fig. 3b, the total inductance from any ground pad .02 to the PCB ground 
plane .08 is equal to the equivalent inductance of the downbond wire(s) .05 connected to 
ground pad 102, plus the inductance of metal slug .04. Since this tola, inductance ,s 
extremely low, ,t will considerably reduce the ground bounce on shared on-d,e ground pads 
and the ground lines connected to them. 

[00171 Since al. on-die ground pads 102 can be connected to PCB ground plane 108 through 
metal slug 104, no package pins or lead frame "fingers" 1 10 are needed in order to form these 
connections. Furthermore, since lead frame fingers 1 10 are usually the highest tnductance 
component in the ground path, elimtnating these fingers from the ground path signtftcant.y 
reduces the overall ground path inductance. 

100181 For those dies whtch contain very sensttive "small signal" analog circuitry, it ts 
somettmes destrable to provide one or more "isolated" ground pads which are not connected 
to metal sing 104. Refemng to Fig. 3a, these isolated ground pads can be connected m the 
same manner as normal I/O signal pins, by utilizing bondwire 105 and lead frame 1 10. Of 
course, since these isolated ground pads are connected to lead frame fingers, they w,U have 
high inductance in their ground path. This is usually no. be a problem for "small stgnal" 
analog circnitry, however, because the ground line currents associated with this type of 
circuitry are often fairly low. 

[0019] Referring to Figs. 3a-3c, it can be seen that metal slug 104 provides a very efficient 
thermal heat sink for IC die 101. IC die 101 is directly attached to metal slug 104, which m 
turn is electrically and thermally coupled to the large PCB ground plane. These elements 
combine to form a significant thermal mass, which can absorb a great deal of the heat 
generated by IC die 101 . Thus, in addition to significantly reducing ground path inductance, 
metal slug 104 also acts as a heatsink at no additional packaging cost. 
[0020] As previously described, the first embodiment of the present invention assumes that 
the PCB ground plane is located on the top surface of the PCB. In those cases where the PCB 
ground plane is located within the PCB laminate, an array of small plated-thru v.as can be 
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^ i tn « PCB ground "pad" located on the top 
low. 

identically .0 those used in .he firs, embod.ment. (Th,s am 
descnption of aU suhse q ue„, embod.ments of .he present mventton, 

,. . p- a metal slug 104 is signif.can.ly thicker .han .he corresponding 
(00221 As shown m F.g. 4, metal slug Referring to 

m e.a, s,ug utilized in .he f.rs, emhod.men, of the mvent.on ho- n H 

bo . t omsurfaceofICpacha g e,00and.hroughacu.omn ' ^ he 
Figs. 3aand4,,tcan be seen .ha, .he bottom surface of me.a, sing ex.e 
pile formed by the bottom surfaces of the I/O lead frame fingers 110. 

during its manufacture. Refemn to g ^ ^ ^ m ^ 

slug 104 to PCB ground plane 108. 

;r:rnr 

pins on 1C package iw ovnnsed to the air, IC 
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f nf the PCB- i e the bottom surface of IC package 10 is not 
attached to the top surface of the PC B i.e. 

exposed to the air. 

ehnwn in Fia 4 assumes that PCB ground 

those applications where | ^ ^ ■ order to connect internal PCB ground plane 

0fsmallplated-thruv,asll7canbeut,l.z „„ fprB 106 Sineethe 

collectively present a very low inductance path to ground. Finally, a show™ ^ 

s ,„g ,04. Heat sink 1 19 further increases the amount of hea, that 

embodiment of the invention. 

„ n in Fies 4 and 5 can be fabricated by first preparing PCB 106 
,0026, The embodiments shown , Figs. 4 and ^ ^ 

, , ,na ha, been shaped to have shoulder regions 121. These 
tbese embodiments, metal slug s|ug , 04 t0 be electric al,y 

shoulder regions rest on the top surface of PCB 106, alio ^ 

as silver epoxy. In the embodiments shown ,n Figs. 7a 7b, 
can be coincident with the bottom surface of PCB 106. 

-~SSK=22£2^. 
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a „knP 1 08 is located on the top surface of PCB 
1 1 8. Of course, in those cases where ground plane 1 08 is 

106, vias 117 will not be required. 

|002 „ Asshown ,„ Fig. 7b, in order ,o maximize thermal hea, sinking capacity, a heat sink 
"'The attached t „ rneta, sing .04, whose bottotn surface extends through opentng ,5 ,n 

and screws, or by using thermally conductive bonding agents. 

1 „„ 3 0,lnsummary,a,,embodimen,sof«bepre S entmven,mnprov,deaver y lowinduetan. 

ownbond wires to a meta, slug, which acts as a very low inductance d,e attac pad (DAP f 
beTc package. Tbts very low tnductance ground path can minimize electncalgroun h u e 

preS e„t inventton completely ehminate the need for ded.cated ground pms 

ILesso, he meta, slug, and by providing cutouts in the PCB, aU ,C package pms c. be 

ofmeta, slug 104 prov.de ^^^^TV^TZ^ 
m ax,mumcoofin g capac„y,sneeded, an externa, heat s,nk can be affixed to the package s 

exposed metal slug, which extends through the bottom surface of the 
,003,, Although thepresent.nvention has beendescribed in somedetanforciantyof 
nder standing, certain changes and modificat.ons may be practiced w.thm the scope of the 

should be defined by the fbilowmg cla.ms and the full scope of then e q mva,ents. 
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